1. Introduction {#sec1}
===============

Cardiac arrest is a major public health problem with substantial mortality and morbidity and affects more than one million people worldwide \[[@B1]\]. Although the survival rates for cardiac arrest vary widely among locations, it has not increased in parallel with the improvements in cardiopulmonary resuscitation (CPR) during recent years \[[@B2]\]. The postcardiac arrest syndrome (PCAS) is a period of critical entity following return of spontaneous circulation (ROSC) from cardiac arrest. Targeted temperature management by inducing hypothermia after ROSC has been thought to be one of the most promising therapies for patients with cardiac arrest \[[@B3]\]; however, it was mired in controversy since several recent findings indicated that hypothermia treatment was associated with a lower likelihood of survival to hospital discharge and a lower likelihood of favorable neurological survival \[[@B4]\]. Thus, assessing the prognosis of cardiac arrest patients with ROSC is rather important to identify and treat patients likely to have favorable neurological outcomes.

Adipokines is a group of cytokines or peptides secreted by adipose tissue, which lies at the central of obesity and adipose tissue dysfunction was proposed as a central mechanism connecting obesity with cardiovascular diseases. The obesity-related metabolic dysfunction may cause complicated influence on adipose biology and structure and thus affects the adipokine secretion and pattern. It should be noted that although adipokines were secreted from adipose tissue, the obesity/fat mass is not positively related to the secretion of adipokines. The circulating levels of adiponectin are reduced in patients with obesity \[[@B5]\], whereas another adipokine leptin levels in the blood are significantly increased in obesity patients \[[@B6]\]. Increased plasma visfatin concentration was found in morbidly obese subjects \[[@B7]\]. The dysregulated adipokines may be cause by the biological malfunction in adipose tissue such as inflammation. Moreover, it is well established that malfunction of adipokines provoked contributes to various cardiovascular diseases including vascular inflammation, hypertension, endothelial dysfunction, atherosclerosis, thrombosis/hemostasis, and vascular remodeling \[[@B8]\]. For example, adiponectin level is increased in left ventricle tissue in the rat model of postmyocardial infarction heart failure \[[@B9]\] and administration of adiponectin protected against the development of systolic dysfunction following myocardial infarction \[[@B10]\]. However, there is no study that assesses the change of adipokine in patients with cardiac arrest yet.

We speculated that the adipokines may be involved in neurological outcome and survival of cardiac arrest patients post ROSC. To this end, we measured the plasma levels of four adipokines (adiponectin, leptin, fatty acid-binding protein 4 (FABP4), and visfatin) in 21 cardiac arrest patients at the admission and 2 or 7 days post ROSC. Our results showed that plasma visfatin level was higher in the survivors than that in nonsurvivors. Moreover, the plasma visfatin levels at 2 or 7 days post ROSC were positively associated with the mortality and correlated with neurological outcome and time to ROSC.

2. Methods and Materials {#sec2}
========================

2.1. Patients and Ethics Approval {#sec2.1}
---------------------------------

This is a prospective observational study including 21 adult patients (age at least 18 years) admitted to the ICU of Department of Emergency Medicine at Shanghai Tenth People\'s Hospital from January 2016 to December 2017 following in- or out-of-hospital cardiac arrest event with subsequent CPR and ROSC. The inclusion criteria include (1) successful resuscitation after CPR; (2) admitted to ICU within 1 hour post ROSC; (3) age ≥ 18 and life expectancy \>2 days; (4) written informed consent can be obtained. The exclusion criteria include (1) pregnant women; (2) drowning/hanging; (3) neuroendocrine tumor; (4) traumatic brain injury; (5) severe infection such as sepsis; (6) malignant. Of the 21 enrolled patients, ten survived, and other eleven died between 2 days and 6 months post ROSC.

The study was approved by the institutional review board of Shanghai Tenth People\'s Hospital, Tongji University, and registered with ClinicalTrial.gov on ClinicalTrial.gov ([NCT02297776](https://clinicaltrials.gov/ct2/show/NCT02297776)). This study was conducted in compliance with the 1964 Helsinki declaration and its later amendments. Written informed consents were obtained from the patient\'s next of kin at the return of spontaneous circulation (ROSC). If the patient regained consciousness, another written consent was obtained from the survivor.

2.2. Data Collection and Blood Sampling {#sec2.2}
---------------------------------------

All the CA patients were treated according to the standard intensive care protocol adopted locally. The Acute Physiology and Chronic Health Evaluation (APACHE) II score was calculated at the day of ICU enrolment as described previously \[[@B11]\]. Demographic information and other data including age, gender, past medical history, location of CA (in-hospital vs. out-of-hospital), and the cause of the events that led to cardiac arrest were collected. The time to ROSC was also recorded. Venous blood was drawn with a commercial EDTA tube (BD Medical Systems) at three time points: 1 hour, 2 days, and 7 days post ROSC. The blood samples were centrifuged immediately to remove cells and frozen (−80°C) after for further analysis. The basic blood parameters were measured by automated biochemical analyzer (HITACHI 7180, Japan).

2.3. Measurement of Adipokines {#sec2.3}
------------------------------

Plasma adipokine levels were analyzed twice for each sample using commercial enzyme-linked immunosorbent assays (ELISA) as described previously \[[@B12], [@B13]\]. The adiponectin ELISA assay (catalogue: DRP300, R&D Systems) detection limit was 0.891 ng/ml, and the assay range was 3.9-250 pg/ml. The resistin assay (catalogue: DRSN00, R&D Systems) detection limit was 0.055 ng/ml, and the assay range was 0.2-10 ng/ml. The FABP4 assay (catalogue: DFBP40, R&D Systems) detection limit was 14.2 ng/ml, and the assay range was 62.5-4,000 ng/ml. The visfatin assay (catalogue: K4907, BioVision, Inc., Minneapolis, MN) detection limit was 1.65 pg/ml, and the assay range was 6-400 pg/ml. All ELISA experiments were conducted according to the manufacturer\'s instructions as described previously \[[@B14]--[@B16]\].

2.4. Statistical Analysis {#sec2.4}
-------------------------

Firstly, to explore the fluctuation of adipokine levels after ROSC in all patients, we tested differences of adiponectin, resistin, FABP4, and visfatin among the three time points (1 hour, 2 days, and 7 days post ROSC). The adipokine levels are continuous variables and presented as the mean ± SEM. The Kruskal-Wallis test was used to test differences among three time points. Secondly, we divided the study subjects into two groups according the major outcome: whether short-term survival was achieved in the PCAS patients. Short-term survival was defined as survival for a minimum of 48 h after ROSC. We compared the differences of adipokine levels and other blood parameters between survivors or nonsurvivors at three time points. The Mann--Whitney *U* test was used to test differences between two groups \[[@B17]\]. Categorical variables (e.g., gender and comorbidities) are expressed as percentages. Frequencies were analyzed using either the chi-square test. Thirdly, to evaluate the accuracy of plasma adiponectin, resistin, FABP4, and visfatin levels to predict mortality, receiver operating characteristic (ROC) curves with the corresponding area under the curve (AUC) analyses were used. At last, the relations between adipokine levels and APACHE II score or time to ROSC were analyzed using the Pearson linear test. Statistical analyses were done using GraphPad Prism (GraphPad Prism Software, Inc., La Jolla, CA, USA). The threshold of significance was set at *P* \< 0.05 \[[@B18], [@B19]\].

3. Results {#sec3}
==========

3.1. Plasma Visfatin Level Shows an Increasing Trend Post ROSC in CA Patients {#sec3.1}
-----------------------------------------------------------------------------

[Table 1](#tab1){ref-type="table"} shows the basic characteristics of the 21 PCAS patients. The time course changes (1 hour, 2 days, and 7 days post ROSC) of adiponectin, resistin, FABP4, and visfatin plasma levels in the 21 PCAS patients were studied. We did not observe any significant alterations in the plasma levels of adiponectin ([Figure 1(a)](#fig1){ref-type="fig"}), resistin ([Figure 1(b)](#fig1){ref-type="fig"}), and FABP4 ([Figure 1(c)](#fig1){ref-type="fig"}). However, we found the plasma visfatin levels at 2 and 7 days post ROSC were significantly higher than that at 1 hour post ROSC (*P* \< 0.01, [Figure 1(d)](#fig1){ref-type="fig"}).

3.2. Plasma Visfatin Level Elevates in Survivors but Not in Nonsurvivors {#sec3.2}
------------------------------------------------------------------------

Next, we grouped the 21 PCAS patients to the survivors (*n* = 10) and nonsurvivors (*n* = 11) for further analyses. There was no any significant difference of plasma adiponectin ([Figure 2(a)](#fig2){ref-type="fig"}), resistin ([Figure 2(b)](#fig2){ref-type="fig"}), and FABP4 ([Figure 2(c)](#fig2){ref-type="fig"}) among the three time points (1 hour, 2 days, and 7 days post ROSC) in survivors and nonsurvivors, respectively. In addition, the plasma levels of adiponectin ([Figure 2(a)](#fig2){ref-type="fig"}), resistin ([Figure 2(b)](#fig2){ref-type="fig"}), and FABP4 ([Figure 2(c)](#fig2){ref-type="fig"}) at three time points (1 hour, 2 days, and 7 days post ROSC) did not differ between the survivors and nonsurvivors. Interestingly, the plasma visfatin levels at 2 days (*P* \< 0.01) and 7 days (*P* \< 0.05) post ROSC were significantly higher than those at 1 hour post ROSC in the survivors but not in nonsurvivors ([Figure 2(d)](#fig2){ref-type="fig"}). Moreover, there were significant differences in the plasma visfatin levels at 2 and 7 days post ROSC between the survivors and nonsurvivors ([Figure 2(d)](#fig2){ref-type="fig"}). These results indicate that plasma visfatin level elevates in survivors but not in nonsurvivors.

3.3. Post-ROSC Plasma Visfatin Levels Are Negatively Associated with APACHE II Score in PCAS Patients {#sec3.3}
-----------------------------------------------------------------------------------------------------

We investigated whether post-ROSC plasma adipokine levels might associate with the APACHE II score, a well-accepted mortality prediction tool for PCAS patients. Plasma levels of adiponectin, resistin, and FABP4 at three time points (1 hour, 2 days, and 7 days post ROSC) were not associated with APACHE II score (Figures [3(a)](#fig3){ref-type="fig"}--[3(c)](#fig3){ref-type="fig"}). Although plasma level of visfatin at 1 hour post ROSC was not associated with APACHE II score, the plasma level of visfatin at 2 days and 7 days post ROSC was negatively associated with APACHE II score in PCAS patients (*P* = 0.004 and *P* = 0.008, respectively, [Figure 3(d)](#fig3){ref-type="fig"}).

3.4. Post-ROSC Plasma Visfatin Levels Are Negatively Associated with Time to ROSC in PCAS Patients {#sec3.4}
--------------------------------------------------------------------------------------------------

We also evaluated the associations between post-ROSC plasma levels of adipokines and time to ROSC. Plasma levels of adiponectin, resistin, and FABP4 at three time points (1 hour, 2 days, and 7 days post ROSC) were not associated with time to ROSC (Figures [4(a)](#fig4){ref-type="fig"}--[4(c)](#fig4){ref-type="fig"}). Plasma level of visfatin at 1 hour post ROSC was still not associated with time to ROSC ([Figure 4(d)](#fig4){ref-type="fig"}). Plasma level of visfatin at 2 days and 7 days post ROSC was negatively associated with time to ROSC (*P* = 0.04 and *P* = 0.036, respectively, [Figure 4(d)](#fig4){ref-type="fig"}).

3.5. Post-ROSC Plasma Visfatin Level May Be a Predictor of Survival in PCAS Patients {#sec3.5}
------------------------------------------------------------------------------------

At last, we analyzed the value of plasma levels of adiponectin, resistin, FABP4, and visfatin in predicting mortality. ROC analysis revealed that plasma levels of adiponectin and resistin at three time points (1 hour, 2 days, and 7 days post ROSC) were unable to predict the outcome of PCAS patients (Figures [5(a)](#fig5){ref-type="fig"} and [5(b)](#fig5){ref-type="fig"}). Similarly, plasma levels of FABP4 at 1 hour, 2 days, and 7 days post ROSC post ROSC were unable to predict the outcome ([Figure 5(c)](#fig5){ref-type="fig"}). However, the plasma levels of visfatin at both 2 days and 7 days post ROSC predicted well the outcome in PCAS patients (2 days post ROSC: AUC = 0.90, *P* = 0.002; 7 days post ROSC: AUC = 1.0, *P* = 0.002, [Figure 5(d)](#fig5){ref-type="fig"}).

4. Discussion {#sec4}
=============

This is the first study to investigate the plasma concentrations of adipokines in PCAS patients and found plasma visfatin levels were enhanced post ROSC. Moreover, our results showed that plasma visfatin levels post ROSC only elevated in survivors but not in nonsurvivors. Finally, the ROC and linear analyses suggested that the plasma visfatin levels post ROSC were associated with APACHE II score and time to ROSC and thus may be a predictor of outcome of PCAS patients.

As a fast-growing problem that is reaching epidemic proportions worldwide, obesity contributes critically in the pathophysiology of cardiovascular diseases \[[@B20]\]. Adipose tissue lies at the central of obesity and adipose tissue dysfunction was proposed as a central mechanism connecting obesity with cardiovascular diseases. Accumulating knowledge on the biology and function of the adipose tissue has showed that the adipose tissue regulates cardiovascular health by secreting bioactive products such as adipokines and microvesicles, with a wide range of endocrine and paracrine effects on the cardiovascular system. Thus, the adipokines lie at the crossroad of nutrition, metabolism, and inflammation during progress of heart diseases especially coronary heart disease. However, there is an obesity paradox in cardiac arrest patients \[[@B21]\]. Jain et al. evaluated 21,237 adult in-hospital cardiac arrest patients and found that compared with overweight and obese patients, underweight, normal weight, and very obese had lower rates of survival to discharge \[[@B22]\]. Similarly, in a cohort study, Testori et al. reported that the overweight cardiac arrest patients with moderately elevated body mass index (BMI) may have a better neurological prognosis than lean patients (odds ratio 1.35; 95% confidence interval 1.02--1.79) \[[@B23]\]. Bunch et al. also observed that the normal- or low-weight patients with ventricular fibrillation in out-of-hospital cardiac arrest had a lower long-term survival compared with obese patients \[[@B24]\]. By contrary, several recent data indicate that obesity seemed to be associated with higher mortality \[[@B25]\]. The molecular mechanisms underlying this paradox are largely known.

Cardiac disease is still a worldwide health issue \[[@B26]--[@B29]\]. Notably, obesity contributes critically in the pathophysiology of cardiovascular diseases; however, there is an obesity paradox in cardiac arrest patients \[[@B21]\]. Jain et al. evaluated 21,237 adult in-hospital cardiac arrest patients and found that compared with overweight and obese patients, underweight, normal weight, and very obese had lower rates of survival to discharge \[[@B22]\]. Similarly, in a cohort study, Testori et al. reported that the overweight cardiac arrest patients with moderately elevated body mass index (BMI) may have a better neurological prognosis than lean patients (odds ratio 1.35; 95% confidence interval 1.02--1.79) \[[@B23]\]. Bunch et al. also observed that the normal- or low-weight patients with ventricular fibrillation in out-of-hospital cardiac arrest had a lower long-term survival compared with obese patients \[[@B24]\]. By contrary, several recent studies reported that obesity seemed to be associated with higher mortality \[[@B25]\]. The molecular mechanisms underlying this paradox are totally unknown. Accumulating knowledge on the biology and function of the adipose tissue has showed that the adipose tissue regulates cardiovascular health by secreting bioactive products such as adipokines and microvesicles, with a wide range of endocrine and paracrine effects on the cardiovascular system. Thus, the adipokines lie at the crossroad of nutrition, metabolism, and inflammation during progress of heart diseases. However, there is little information on serum adipokine concentrations in patients with cardiac arrest. Recently, Elmer et al. showed that serum leptin concentration did not differ between nonsurvivors and survivors \[[@B30]\]. This is the only investigation on the role of adipokines in cardiac arrest.

In this study, we selected four proinflammatory cytokines (adiponectin, resistin, FABP4, and visfatin), which have not been investigated in cardiac arrest yet, to explore their possible predict values in predicting outcome of patients post ROSC. We found plasma concentrations of adiponectin, resistin, and FABP4 did not differ between survivors and nonsurvivors. Only visfatin displayed a significant difference between the two groups. Moreover, visfatin correlated with neurological deficit score and time to ROSC and predicted the survival of patients well. Visfatin is a 54 kDa protein that was initially identified as a novel adipokine secreted by visceral fat with a putative insulin-mimetic property. Visfatin was identical to two previously described molecules named pre-B cell colony-enhancing factor (PBEF) and nicotinamide phosphoribosyltransferase (Nampt). Visfatin has been found to be an active player and potential drug target in cardiovascular diseases \[[@B31]\]. Two independent groups reported that plasma visfatin levels are significantly higher in patients with acute ST-elevation myocardial infarction \[[@B32], [@B33]\]. In patients with acute myocardial infarction, high visfatin level had good sensitivity and specificity (\>70% and \>75%, respectively) for predicting the incident \[[@B33]\]. Moreover, plasma visfatin level was associated with the occurrence of major adverse cardiovascular events in 185 patients with acute ST-elevation myocardial infarction \[[@B34]\]. Visfatin acts as an important inflammatory protein with enhanced expression in in macrophages of human unstable carotid and coronary atherosclerosis and associated with atherosclerotic plaque destabilization and thus acute coronary syndrome \[[@B35]\]. The expression of visfatin in circulating monocytes and neutrophils was also increased in male acute ST-segment elevation myocardial infarction patients \[[@B36]\]. These results indicated that visfatin might play a detrimental role in the development of atherosclerosis, atherosclerotic plaque destabilization, and ultimately myocardial infarction. Thus, it is expected that visfatin may be also a detrimental factor in cardiac arrest. Importantly, there is no previous experimental data on plasma visfatin concentration in patients with cardiac arrest. Unexpectedly, our results showed that plasma visfatin levels were higher in survivors compared with nonsurvivors and the high visfatin level in blood might be a good predictor of neurological outcome after ROSC.

There may be several explanations for our results. First, visfatin has cardioprotective effect due to its enzymatic activity in nicotinamide adenine dinucleotide (NAD^+^) biosynthesis. Lim et al. showed that intravenous administration of recombinant visfatin reduced the myocardial infarct size by \~50% in mouse model \[[@B37]\]. Hsu et al. also found visfatin significantly increased NAD^+^ and ATP concentrations in ischemic heart tissue, while cardiac-specific overexpression of visfatin reduced the infarction area and cardiac myocytes death in mouse ischemia/reperfusion model \[[@B38]\]. In agreement with these, treatment with visfatin enzymatic product nicotinamide mononucleotide in mice protected the heart from ischemia and reperfusion by decreasing acetylation of FoxO1 \[[@B39]\]. In this instance, the higher visfatin levels in blood of patients with cardiac arrest from ROSC may result in a cardioprotection in the ischemic heart tissue to some extent, which would affect the survival and neurological outcome of patients. Second, visfatin may exert a direct neuroprotection towards the ischemic brain during the time after ROSC. Since brain ischemia and neurologic deficit are the major determining factors of outcome in PCAS patients, the neuroprotective potential of visfatin may be involved in the beneficial action of visfatin in PCAS patients. Previously, a large number of studies have documented the potent neuroprotective action of visfatin in ischemic stroke \[[@B40]\]. In brain, visfatin is mainly expressed in neurons but not glia cells and the overexpression of visfatin upon ischemic stress in reduced ischemia-induced cerebral injuries in middle cerebral artery occlusion model through enhancing SIRT1-dependent AMPK activation \[[@B41]\]. This result was confirmed by several later investigations \[[@B42], [@B43]\]. The neuroprotection of visfatin may be attributed to many molecular mechanisms, including the boosting action on neuronal autophagy and neurogenesis \[[@B44]\]. Notably, plasma visfatin concentrations were elevated in patients with ischemic stroke \[[@B45]\]. Considering these, we proposed that the elevation of visfatin in blood may be an adaptive reaction in response to the acute ischemic stress during cardiac arrest. The patients who can motivated more visfatin into blood may have better resistance against ischemic stress. However, this speculation needs further experimental verification.

Our study has several limitations. First, the sample size is small, thus reducing the power of the study. As the present study is a single-center, observational study, only 21 patients were enrolled in the present study. We think the results would be more reliable if a greater size of sample will be applied. Second, we only obtained blood samples at time points. If blood is drawn at more time points, the changes of adipokines in cardiac arrest patients can be illustrated more accurately. Lastly, we only measured blood levels of four adipokines. Exploration on more adipokines in cardiac arrest patients may be an interesting topic to consider.

In summary, we for the first time to show that plasma visfatin may be a potential predictor of outcome of PCAS patients. Moreover, boosting systemic visfatin level or visfatin-regulated NAD^+^ pool may serve as a possible therapeutic target to enhance survival during post ROSC period in PCAS patients. Additional preclinical experiments and clinical trials with larger cohort sizes are warranted to test these concepts.
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![Violin plot shows the plasma levels of adiponectin (a), resistin (b), FABP4 (c), and visfatin (d) in PCAS patients at three time points (1 hour, 2 days, and 7 days post ROSC). The thick dotted line in violin plot indicates the median, whereas the two solid thin lines indicate the upper and lower quartiles. NS: no significance.](DM2020-9608276.001){#fig1}

![Scatter plot shows the plasma levels of adiponectin (a), resistin (b), FABP4 (c), and visfatin (d) in survivors and nonsurvivors of PCAS patients at three time points (1 hour, 2 days, and 7 days post ROSC). ^∗∗^*P* \< 0.05, ^∗^*P* \< 0.01 vs. 1 hour post ROSC. ^\#\#^*P* \< 0.01 nonsurvivors vs. survivors. NS: no significance.](DM2020-9608276.002){#fig2}

![Association between plasma levels of adipokines (adiponectin, resistin, FABP4, and visfatin) and APACHE II score in PCAS patients. (a--d) Pearson linear regression analyses showed there were no associations between APACHE II score and plasma levels of diponectin (a), resistin (b), FABP4 (c), and visfatin (d) at three time points (1 hour, 2 days, and 7 days post ROSC). The dotted lines indicate 95% confidence interval (95% CI).](DM2020-9608276.003){#fig3}

![Association between plasma levels of adipokines (adiponectin, resistin, FABP4, and visfatin) and time to ROSC in PCAS patients. (a--d) Pearson linear regression analyses showed there were no associations between the time to ROSC and plasma levels of adiponectin (a), resistin (b), FABP4 (c), and visfatin (d) at three time points (1 hour, 2 days, and 7 days post ROSC). The dotted lines indicate 95% confidence interval (95% CI).](DM2020-9608276.004){#fig4}

![Plasma levels of visfatin may be a potential predictor of survival in PCAS patients. ROC curves for plasma levels of adiponectin (a), resistin (b), FABP4 (c), and visfatin (d) at three time points (1 hour, 2 days, and 7 days post ROSC) were assessed as possible predictors of survival in PCAS patients. The area under the curve (AUC), standard error of the mean (SEM), 95% confidence interval (95% CI), and *P* value were also illustrated.](DM2020-9608276.005){#fig5}

###### 

Patient basic characteristics.

                                    All patients (*N* = 21)
  --------------------------------- -------------------------
  Age (years)                       72.9
  Sex, m/f                          13/8
  Witnessed by a bystander          15/21
  Time to ROSC (min)                15.00
  APACHE II score                   21.06
  CPC score                         3.54
  Out-of-hospital arrest            5/21
  Ventricular defibrillation        7/21
  Myocardial infarction             7/21
  At presentation in ICU            
   Cardiogenic shock                6/21
   Postresuscitation sepsis         4/21
   Length of ICU stay (days)        12.92
   Length of hospital stay (days)   17.97

Data are expressed as average or absolute number where appropriate. ROSC: return of spontaneous circulation; ICU: intensive care unit; APACHE II: Acute Physiology and Chronic Health Evaluation II; CPC: cerebral performance category.
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